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~|ÁÇ{}«fh 7Y³·c#dfhxÇsu/h
wuw«fuw~z}| ± ptÅN 4S´myzP|sw~svusmz}}t~|{ÂÂswh
{PgxhE|Yum©~|f°X~|f{u¦zÂzP©rX©~|fhSs|¾²¾whE¬}hEswh
©r}²
h
gz¬X~|{jxsvhE{}gh
|Yu¯z}%7zP©rX©~|fhP³8c#dfhmsvhSyz}|·/h
wuw«fu~zP| ± pfÅN¯}´#y
z}|sw~¥sus^z}whEgz¬Y~|f{xjy
z}|f|fhSy®u~zP|·h
u¦¯hEh
|
u¦zsvhE{}gh
|Yus}|Ô²th
¬Ph
svhE©rP²Xy
whSu~|f{yzP|f|fhEyuw~z}|Xr[gz¬X~|f{xzÉ|h
|tzP~|Yu=z}%/z}©rY©~|fh}³
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	  	
'%~{}«fh7 .h
wuw«fu~zP|sz%urXhswf©~Æuw¸ }|X¸ gxhEw{Phz}9/z}©rX©~|fhEsE³
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ºhu
Sj,δe
h[uwdfhhEvu«fu~zP| ¦df~¥ydUsv©~usN/z}©rX©~|fhYr)h
gz¬X~|{¹_swh
{}ghE|Pu
j
z_zP©rX©~|fhz=¦~¥Xuwd
e
}|
y
z}gzYsvhS·Xr[u#©hEPsuuwdwhEhmswh
{Pgh
|Yus#|·¦df~¥yd}©©z¦=s^uwzthÇ|fh¨u¦¯zxzP©rX©~|hEs¦dfzPswhm¦~tuwds}wh¨h Y«}©uz
e+ δe}|
e− δe
.
Sj,δe(p, e, v1, . . . , vn) = {(p1, e+ δe, v1, . . . , vj−1), (pj+1, e− δe, vj+1, . . . , vn)}
± 6YP´
c#dfh¬}w~¥u~zP|[z¦~¥Xuwd
δe
~¥s«f|f~ªz}g©r[f ¦|~|ÂyzPg}yusw«ydÂ}sudfhmu¦¯zx|fhE¦§¦~¥Xuwds=hm~|
[emin, emax]
.
δe ∼ U([−B(e), B(e)])
²f¦dh
h
B(e) = min{e− emin, emax − e}
± 6>7´
c#dfh~|X¬}hEswhj/h
wuw«wuw~z}|)yzP|yhEw|s¨udfh·yzP«ff©hz#zP©rX©~|hEs
(ci, cj)
¦dfzPswhÇ|}©ÉzP~|Yu
pni+1i
z}
ci
|Á~|f~Æu~}©
/z}~|Yu
p1j
z
cj
¬}h
~ªr .
Lmin ≤ d(pni+1i , p1j ) ≤ Lmax
± 6YP´
ÅNzPwhEz¬}hEE²Puwdfhsw«fg zudfhswh
{}ghE|Pu|X«fgjhE
(ni + nj)
d}suzh©z¦h
uwd}|
nmax
.
ni + nj < nmax
± 6YP´
c#dfhghEw{Ph¨gz¬Ph
M(ci, cj)
ªz}
ci = (p
1
i , ei, (v
k
i )k=1..ni)
h
u
cj = (p
1
j , ej , (v
k
j )k=1..nj )
~sthÇ|hEÂ}sªzP©©z¦=s/.
M(ci, cj) = (p
1
i ,
ei + ej
2
, (vki )k=1..ni , vij , (v
k
j )k=1..nj )
± }P´
¦dfhEwh
vij
yz}hEswzP|fs¯z%uwdfh}}ghuwhEsz}uwdhsvhE{}gh
|Yu
(pni+1i , p
1
j)
³
c#df~¥s8th
Ç|f~uw~z}|z/uwdh=svf©~uv¸ |X¸ gh
{}hz}|f©r7~|y
©«fhEsudfh=yzP«ff©hzGzP©rX©~|fhSs¦dfzPswhÇ|}©fzP~|Yu^}|x~|f~uw~¥©zP~|Yu
¬Ph
~Æªrxuwdhfz ­t~g~urxy
z}|t~uw~z}| ± 6PP´®³» u¦z}«©/hh
©h
¬}|Pu^uwz7ghEw{Ph©¥svzjyz}«f©hSs^¦dzPswh=~|~Æu~}©h
­YuwhEg~Æu~hSs^zP8Ç|}©
h
­YuwhEg~Æu~hSs¬Ph
~ÆªrÂudf~¥s¨y
z}|f~Æu~zP|¾³70ÇsvusvzP©«tu~zP|_¦z}«f©¥¹/hjuwzN}f"·|fhE¦0fz}/zPsw~uw~z}|¹°Ph
|fh
©%~|"uwdhx=ÄYÅ"iÅ"i
}©{Pz}~Æudfg uwduyzPwhEsw/z}|uzuwdfh~|X¬}hEsw~zP|[gz¬}hP² (	gz¬}h¨uwdu=~|Y¬Ph
svhSs¯/z}©rX©~|fh}sªzP©©z¦=s.
(p1, e, v1, . . . , vn)← (pn+1, e, v′n, . . . , v′1)
±  4S´
¦dfhEwh
v′j = (lj , αj − π)
~
αj > 0
²f}|
v′j = (lj , αj + π)
zuwdh
¦~swh}³
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h
h}²t¦htz|fzu=«swhsv«yd°Ph
|fh
©Gf«tu¦¯ht~whSy®u©r·~|y
z}zPuwhuwdf~¥sgz¬}h¨~|Yuzuwdfh°Ph
|fh
©
Q    
³8» |thEhEÔ²¦¯h
PfÂsuh
uwduyzP|sw~svus#z}%|fz}g©r[fwzPzYsv~|f{xhEwgj«tuuw~z}|Âz%uwdh7svhE|swh¨z}9udfh/z}©rX©~|fh ± s´³ 'z}=swf©~u=gz¬}h
Sj,δe
²tudfhmwhSsv«©Æu~|f{}~z}%/z}©rX©~|fhSs#~s#udX«s#«f|f~ªz}g©r[ydzPswh
|Âgz}|f{xudfh¨ªz}©©z¦~|f{xªz}«f~s.
S1j,δe(p
1, e, v1, . . . , vn) = {(p1, e+ δe, v1, . . . , vj−1), (pj+1, e− δe, vj+1, . . . , vn)}
S2j,δe(p
1, e, v1, . . . , vn) = {(pj , e+ δe, v′j−1, . . . , v′1), (pj+1, e− δe, vj+1, . . . , vn)}
S3j,δe(p
1, e, v1, . . . , vn) = {(pj , e+ δe, v′j−1, . . . , v′1), (pn+1, e− δe, v′n, . . . , v′j+1)}
S4j,δe(p
1, e, v1, . . . , vn) = {(p1, e+ δe, v1, . . . , vj−1), (pn+1, e− δe, v′n, . . . , v′j+1)}
± P}´
ÈÁh|fz¦yz}|sv~¥th
#uduuwdfhgh
{}~|f{/hu¦h
h
|u¦zzP©rX©~|hEs
ci
|
cj
y
}|/htzP|fhXr·ªz}«=~s#zh
|t/z}~|Yus.
{pi, pj}1 = {pni+1i , p1j}
 {pi, pj}2 = {p1i , p1j}
 {pi, pj}3 = {p1i , p1nj+1}
 {pi, pj}m = {pi, pj}4 = {pni+1i , p1nj+1}
³%ºhu
{pi, pj}k
/h[Â}~7zh­Xuwh
g~uw~hEsmuduxy
|)/h·©~|f°PhEÁuzNgxhEw{Ph
ci
}|
cj
³Nc#dfhwhSsv«©Æu~|f{N/z}©rX©~|fh·~¥s«f|~ÆªzPwg©r
ydfzYsvhE|}gz}|f{juwdfhmªzP©©z¦~|f{xu¦¯z/z}©rY©~|fhEs.
M1k (ci, cj) =









(p1i ,
ei+ej
2 , (vi
l)l=1..ni , vij , (vj
l)l=1..nj )
~Æ
k = 1
²(	 {pi, pj}k = {pni+1i , p1j}
(pni+1i ,
ei+ej
2 , (v
′
i
l
)l=ni..1, vij , (vj
l)l=1..nj )
~Æ
k = 2
²(	 {pi, pj}k = {p1i , p1j}
(pni+1i ,
ei+ej
2 , (v
′
i
l
)l=ni..1, vij , (v
′
j
l
)l=nj ..1)
~Æ
k = 3
²(	 {pi, pj}k = {p1i , p1nj+1}
(p1i ,
ei+ej
2 , (vi
l)l=1..ni , vij , (v
′
j
l
)l=nj ..1)
~Æ
k = 4
²(	 {pi, pj}k = {pni+1i , p1nj+1}
M2k (ci, cj) =








(p
nj+1
i ,
ei+ej
2 , (v
′
j
l
)l=nj ..1, vji, (v
′
i
l
)l=ni..1)
~Æ
k = 1
²(	 {pi, pj}k = {pni+1i , p1j}
(p
nj+1
j ,
ei+ej
2 , (v
′
j
l
)l=nj ..1, vji, (vi
l)l=1..ni)
~Æ
k = 2
²(	 {pi, pj}k = {p1i , p1j}
(p1j ,
ei+ej
2 , (vj
l)l=1..nj , vji, (vi
l)l=1..ni)
~Æ
k = 3
²(	 {pi, pj}k = {p1i , p1nj+1}
(p1j ,
ei+ej
2 , (vj
l)l=1..nj , vji, (v
′
i
l
)l=ni..1)
~Æ
k = 4
²(	 {pi, pj}k = {pni+1i , p1nj+1}± "P´
ºhu
NS
/huwdfh#|X«fg7/h
Éz}/swh
{PgxhE|Yus%¦dfzPswhwhEgxz¬}©X}©©z¦=suwdfh{Ph
|fhEuw~z}|z}u¦z/z}©rX©~|fhEsÉ}|
NM
uwdh|X«fgjhE
z}G~sz}Gh
­Xuwh
g~Æu~hSsÉ¦dfzYsvh©~|°Y~|f{}©©z¦=s%uwdfh{}h
|h
uw~z}|xzÔm|fhE¦ /z}©rX©~|fhP³% gz¬Ph~¥s8«|f~ÆªzPwg©rjydfzYsvhE|x}gz}|f{
udfh
NT = NS +NM
zYswsw~©hgz¬}hSs
³c#dfh°Ph
|fh
©
Q    
~¥suwdh
|Â{}~¬}hE|Xr .
Q    (C → A) =
∑
sj
i
∈S(C)
1
NT (C)
4
∑
k=1
1
4
∫ B(ei)
−B(ei)
1A((C \ ci) ∪ Skj,δe(ci))
dδe
2B(ei)
+
∑
{pi,pj}k∈M(C)
1
NT (C)
2
∑
m=1
1
2
1A((C \ {ci, cj}) ∪Mmk (ci, cj))
±  6Y´
¦dfhEwh
sji
th
|fz}uwhSs=udfhxswh
{Pgh
|Yu
j
zÉudfh7/z}©rX©~|fh
ci
z}^¦~¥Xuwd
ei
²
pki
thE|fzuhEsuwdfhjzP~|Yu
k
z
ci
² S(C) ~¥s=udfhxswhu¨zswh
{PgxhE|Yus¦dfzYsvh#h
gz¬©t©©z¦=s9udfh{}hE|fh
u~zP|7zu¦¯zm/z}©rX©~|fhEsE²}}| M(C) uwdfh=swhuÉz}Gswh
{PgxhE|Yus%uwdu8y
}|x{Ph
|fhEuwh/z}©rX©~|fhmXr[}ff~|f{swh
{PgxhE|Yu#©~|f°X~|f{xudfh
gÂ³8c#dfh°Ph
|fh
©Ô~¥suwdX«s{P~¬Ph
|Yr .
Q    (C → A) =
1
8NT (C)
∑
ci∈C
1
B(ei)
ni−1
∑
j=2
4
∑
k=1
∫ B(ei)
−B(ei)
1A((C \ ci) ∪ Skj,δe(ci)) dδe
+
1
2NT (C)
∑
{ci,cj}∈C
4
∑
k=1
2
∑
m=1
1A((C \ {ci, cj}) ∪Mmk (ci, cj))
± P}´
c#dfhghE}sw«fh
ψ
z}|
Ω×Ω ydzPswh
|uwzxth
~¬ uwhuwdfhgxhS}sw«fh πQ    
~¥s¯jsvrXgghuw~¥y
©ghE}sw«fhy
z}|y
h
|YuwuhExz}|
⋃∞
n=0{{ΩN ×ΩN+1} ∪ {ΩN+1×ΩN}}
³Éº¾h
u
A
}|
B
hswhus#z¾udfh¨uw~f«z
Ω
sw«ydPs
A ⊆ EN
|
B ⊆ EN+1
³
c#dfhghS}sw«fwh
φ
~sudfh
|Â{}~¬}hE|Xr .
ψ(A,B) =
∫
A
N
∑
i=1
ni−1
∑
j=2
4
∑
k=1
∫ B(ei)
−B(ei)
1B((C \ ci) ∪ Skj,δe(ci)) dδe dµ(C)
ψ(B,A) =
∫
B
N
∑
i=1
N
∑
j = 1
j 6= i
4
∑
k=1
nmax(emax − emin)
2dk(ci, cj)λ|V |
1A((C \ {ci, cj}) ∪M1k (ci, cj)dµ(C)
=
∫
B
∑
{ci,cj}
2
∑
m=1
4
∑
k=1
nmax(emax − emin)
2dk(ci, cj)λ|V |
1A(C \ {ci, cj}) ∪Mmk (ci, cj)dµ(C)
± }P´
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Σ
th
|zuwhSs=udfhjsvuuwhxsvPyh7Pswswzty~¥uhEuwz[uwdfhjzP©rX©~|h7¦~¥Xuwd¾²Ô}|
dk(ci, cj)
thE|fzuhEsuwdfht~¥su|y
hh
u¦¯hEh
|
udfhmu¦¯z/z}~|Yusz} {p1, p2}k ³8c#dfh¨}yuwz} 12dk(ci,cj)
~¥st«fhmuzuwdfh¬}w~¥f©hmyd|f{Ph .
(e1, e2, p
′)←− (e, δe, lj , αj)
¦dfhEwh
e1
}|
e2
h=uwdh¨¦~¥Xud[z
c1
}|
c2
zPtu}~|fhS·Xrh
gz¬X~|f{7z¾udfh¨swh
{Pgh
|Yu
j
z}97/z}©rX©~|fh¨z¦~¥Xud
e
²X}|
p′
yzPwhEswzP|fs¯uwzxudfh{}hE|fh
uhE·~|f~uw~¥©¾/z}~|YuE³
'%~|©©rP²Xuwdfh7l¨h
hE|[u~zyzPwhEswzP|t~|f{7z}udfhsv©~uz%x/z}©rX©~|fhmz%¦~Xud
e
Xr·whEgz¬Y~|f{xxswh
{Pgh
|Yuz}9©h
|f{}uwd
l
~¥s{}~¬}hE|Xr .
R    (C,C ′) =
NT (C)
NT (C ′)
8 l λ |V | min(e− emin, emax − e)
nmax(emax − emin)
h(C ′)
h(C)
±  7´
¦dfhEwh |V | = 2π(Lmax − Lmin) ³É» |uwdfhh
¬Ph
svh¨y
PsvhP²Xuwdfh7l¨h
hE|u~z~¥s#{}~¬}h
|Xr .
R    (C,C ′) =
NT (C)
NT (C ′)
nmax(emax − emin)
8 l λ |V |min(e− emin, emax − e)
h(C ′)
h(C)
± }P´
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c#dfh·swhEy
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wuw«fuw~z}|Á¦Psmf«f~©ÆuuzNgxhEw{Phxy
©zYsvh/z}©rX©~|fhEs¨udu7fzN|fzu¬}hEw~ªrNudfhfz ­X~g~Æu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z}|f~Æu~zP|¾³
h
h}²9uwdfhgh
{}h~¥s7tzP|fhXr_h
gz¬X~|f{udfhÇsuzPuwdfh©¥}svu7swh
{}ghE|Puz}#Â/z}©rX©~|fhªzP©©z¦¯hS_XrÁ}ft~|f{¹©~|f°X~|f{
swh
{PgxhE|YuE³8c#dfh|fhE¦ ¦~¥XuwdN~¥s#h Y«}©GuwzudfhghE|z%u¦zx¦~¥Xudsz9uwdfhghEw{PhEzP©rX©~|fhSs
³$'z}=yzP«ff©hz%zP©rX©~|fhSs
(ci, cj)
¬}hEw~ªrX~|{
ni + nj ≤ nmax
²¦¯hmd ¬Ph¨dh
~{}dYuzYswsw~~©~Æu~hSs#z|fh
¦o«f|fzPfh
hE·/z}©rX©~|fhSs}sswdfz¦|~|Ç{}«wht³
gxzP|f{udfhEswh7dfhE~{PdYuzYswsw~f~©~uw~hEsE²¦hz}|©r°}hEh
Âuwdh7fz}/zPsw~Æu~zP|sz}Éswh
{Pgh
|Yus¦dfzPswh©h
|f{}uwdN~¥s/hu¦h
hE|
Lmin}|
Lmax
²¾¦df~¥yd"}©©z¦=suwzÂ{}hE|fh
uh7¦h
©©Æ¸ thÇ|fhE_zP©rX©~|fhSs
³'fzPm{}~¬}hE|_gh
{}hP²¾[/z}©rX©~|fhx~sm«|f~ÆªzPwg©r¹ydfzPswh
|
}gxzP|f{xu¦¯z/z}©rX©~|fhEsy
z}g/zPswhEYr·uwdfhsghsvhE{}gh
|Yus#f«tu=~|Ât~#Gh
h
|Yuz}th

c#dfh=swf©~Æuyz}|yh
|s%udfhzP©rX©~|hEs8y
z}gzYsvhSxYrxu8©hEPsuÉu¦zsvhE{}gh
|YusE³ ydfhEy°X~|f{mzP~|Yu
pji
~¥sÉ«f|f~ªz}g©rxydfzPswh
|
}gxzP|f{Nudfh/z}~|Yus
(p2i , . . . , p
ni
i )
³¿c#dfh[/z}©rX©~|fh ± z¦~Xud
e
´~¥sudfh
| y«tuuxuwdf~¥sjzP~|YuE³)c#dfh¦~tuwdsjzudfh[u¦z
hEsw«f©uw~|f{)zP©rX©~|fhSshhY«©#uz
e + δe
|
e − δe
²¦dfh
h
δe
~s«f|~ÆªzPwg©rUt ¦|U~|
[−B(e), B(e)] thÇ|fhE ~|hP«uw~z}| ± 6>7´®³ 'z}xz}|fhz=udfh[u¦z_/z}©rX©~|fhSs
²^ydzPswh
| ¦~uwd fwzP~©~Æur
1/2
²udfhydhEy°X~|{¹zP~|Yu~sxh
{Ph
|fhEuwhE
Py
yzPf~|f{uz[«f|~ÆªzPwg t ¦~|f{z}8©hE|f{ud
l
|N·t~whSy®uw~z}|
α
³ 'fzP«fzPfh
hEzP©rX©~|hEsyE|Âudfh
|¹/h{Ph
|fhEuwhE
Xr[h
¬Ph
sv~|f{jz%uwdfhswh
{}ghE|PuzPthEE³Éc#dfhEwh}whuwdX«sdh
~{}dYuzYswsw~©hswf©~ÆusªwzPg ydfhEy°X~|f{xzP~|Yu
pji
³
ºhu
NM (C)
hudfh|X«fgjhE=zÉ/z}~|Pus#uwdu}©©z¦=suwdfh7gxhEw{P~|{xz}u¦¯z/z}©rY©~|fhEsz
C
}|
NS(C)
uwdfh|X«fgjhE
z}j/z}~|PusuwduÂ}©©z¦=s·udfh¿sv©~uvu~|f{5z}jU/z}©rX©~|fhÁz
C
³  gxz¬Ph_~¥s«f|f~ªz}gx©rydfzYsvhE|§gzP|f{ udfh
NT (C) =
NF (C) +ND(C)
zYswsw~©hmgz¬}hSs
³Éc#dfhm°}hEw|h
©Ô~¥suwdfhE|{P~¬Ph
|Xr .
Q    (C → A) =
∑
ci∈C
ni
∑
j=2
1
NT (C)
8
∑
k=1
1
8
∫ B(ei)
−B(ei)
∫
V
1A((C \ ci) ∪ Skj,δe(ci))
dv dδe
|V | 2B(ei)
+
∑
{ci,cj}∈C
8
∑
k=1
1
NT (C)
2
∑
m=1
1
2
1A((C \ {ci, cj}) ∪Mmk (ci, cj))
± }P´
c#dfhl¨h
hE|[uw~zyz}hEswzP|t~|f{uzxswf©~uz7/z}©rX©~|fhmz¦~¥Xud
e
Xr·h
©Py~|f{jswh
{}ghE|Pu#z%©hE|f{ud
l
²X~sudfh
|
{P~¬Ph
|Yr .
R(C,C ′) =
NT (C)
NT (C ′)
16 l λ |V |min(e− emin, emax − e)
nmax(emax − emin)
h(C ′)
h(C)
± PP´
º~°Ph
¦~¥svhP²Pudfh7l¨h
h
|uw~zyz}hEswzP|t~|f{7uzjghEw{Phz}9u¦zj/z}©rX©~|fhSs#whEf©Py~|f{|~|f~uw~¥©z}#Ç|}©¾svhE{}gh
|Yu#Xr
|fhE¦§swh
{PgxhE|Yu#z}%©h
|{uwd
l
²t~¥s{P~¬Ph
|Yr .
R(C,C ′) =
NT (C)
NT (C ′)
nmax(emax − emin)
16 l λ |V |min(e− emin, emax − e)
h(C ′)
h(C)
± C4S´
      / 	 
/  	  /     	 
» |)udf~s7svhSy®uw~z}|²9¦hydfhEy°_uwdfh/h
d ¬X~z}z}¯udfh[Å"iÅ"i0©{}zPw~uwdg ªz}7sgf©~|f{¹«f|f~ªz}g,z}~¥ssvzP|"fztyhSswsm¦~uwd
nmax = 10
|
λ|F | = 100 ³ 'fzPuduS²¦hjy
z}|sw~¥th
uwdfhjh
gf~w~¥y
}©% ¬Ph
{}hSsz N ²/uwdhuwz}u©%|X«fg7/h
z8/z}©rX©~|fhEsE²}| {Ni}i=1..10 ²}uwdfh|X«fgjhEÉzGzP©rX©~|hEsÉyzPgzYsvhS7z} i swh
{Pgh
|YusE³9c#dfh#ghE}|sÉhyzPgx«tuwhS7ªz}g Ç­XhS7|X«fgjhEz}~uwhEuw~z}|s
I0
± dfh
h}²
I0 = 30000
´®³ 'fz}g
I0
²/¦¯hjyz}|sv~¥th
sw}gx©hhE¬}hEwr
P
~uwhEuw~z}|s ± dfhEwhP²
P = 10000
´®³¯c#d~s
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1
3
2
4
5
e  = 4
ij
e  = 4
ij
e  = 4
ij
e  = 4
ije  = 4ij
321
4
5
p
j
1
e  = 5
e  = 3
i
j
p
i
1
'%~{}«fh7 .zPssv~f©hgh
{}hEs=z8}~=z}8zP©rX©~|hEsE³=k|©rÇ¬}h7gxhEw{PhEs=}whwzPzYsvhS/hEyE«swhudfhzudfh
z}|fhSs=tz·|zu
hEswhSy®uudfhyzP|t~uw~z}|z}|uwdfh©h
|f{}uwdÂz9uwdfh|h
¦svhE{}gh
|YuE³
sgf©~|{Â}©©z¦=suwzÂhEt«y
h7udfhh)#GhEyuzuwdfhsvuwz}|f{ÂyzPwh
©¥u~zP|¹h
u¦¯hEh
|)yzP|svhSy«tu~¬Phxsgf©hEsE³c#dfh©{}z}~uwdfg ~¥s
svuwzPfhS¦dfh
|uwdht~#Gh
h
|yhmzh
gf~w~¥y
}©Ô¬©«fhEs#~¥ssv« y
~hE|Yuw©rswg}©©¾f«fw~|f{xuwd~wur[sw«y
y
hEssv~¬}hmsuh
sE³
» |NzPthE#uwz·swdfz¦§uwdu%/ @#À °Ph
|fh
©¾yE|N/hh
f©¥}y
hEYr·yzPg7f~|uw~z}|z8:@#À°Ph
|fh
©¾}|N|N°Ph
|fh
©I²
¦hÇsvuydfhEy°uwdhj/h
d ¬X~z}=z}ÉuwdfhxÅ"iÅ"io}©{Pz}~Æudfg «sv~|f{udfh7°Ph
|fh
©
Q = 1/2Q 	 + 1/2Q  
²/¦dfhEwh
Q 	~¥sudfh@#À¨°}hEw|fhE©¾¦~uwdfzP«tu}t~z}gh
uw~yE©Ô~|tªz}guw~z}|²|
Q  
~s=uwdfhx°Ph
|fh
©I³c#dfh7}©{Pz}~Æudfg y
z}|X¬}hEw{PhE~|
©hEssuwd}| "6swhEy
z}|fs¨¦~uwd)[wztyhSswswz}ml Ã ±
3.5 × 106 ~uwhEuw~z}|s´®³7c#dhxhEgf~~¥y
© ¬}hE}{}hSsyzPgf«tuwhS"f«fw~|f{udfh·©{}zPw~uwdfg}whswdfz¦|_~|_Ç{}«fhx³xc#dhxhEgf~~¥y
©ÉhEwz}mtzP|fhjzP|_udfhzP~|Yu|X«fgjhE¨~¥sm¦hE° .m/z}«tu
0.2
ªz}
udfh
zPwh
uw~¥y
©¬©«fhz
E(N) = λ|F | = 100 ³7Å¹z}h
z¬}hEE²uwdhxhEgf~~¥y
©¬©«fhSsmz8udfhh­t/hEy®uu~zP|_z¯uwdfh|X«fgjhE¨z}/z}©rX©~|fhz#sv~Ã
h
i
±
i = 1, . . . , nmax
´¨hxy
©zYsvhjuwzuwdfhudfh
zPwh
uw~¥y
}©%¬}©«fhxz}fu~|fhS_XrÂuwdhdYrX/zudfhEsw~s¨z}«f|f~ªz}g
©¥ ¦ zP|[udfh|X«fg7/h
=z}%swh
{PgxhE|YusyzPgzYsv~|f{zP©rX©~|fh .
P (i) =
1
10
∀i = 1..10 ⇒ E[Ni] =
E[N ]
10
= 10 ∀i = 1..10
ÈÁhd ¬}h¨udfh
|ÂuhEsvuwhEhS}ydNsv«t¸I°Ph
|fh
©ÔwzPzYsvhS[~|uwdfh7swhEyuw~z}| "f³ "Xr}t~|{judf~¥ssw«ft¸ °}h
|fhE©Guwzuwdh°}h
|fhE©
Q
²
}|«sv~|f{xuwdhsw}gxhmfztyhSt«fh}³Éc#dfhmh
gf~w~¥y
}©Ôh
wzPshm©z¦h
ud|
2%
ªzPhEPydhEgx~~yE©ÔghE}|¾³
GHG ICJKLM
}  " *  	  	! * 	! 	 	&
5(+"
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E[N]
E[N
1
]
E[N
2
]
E[N
3
]
E[N
4
]
E[N
5
]
E[N
6
]
E[N
7
]
E[N
8
]
E[N
9
]
E[N
10
]
'%~{}«fh.·½8gf~w~¥y
}© ¬}h
{PhEsz}
N
²Éudfhuwzu©|X«fg7/h
zzP©rX©~|fhSs
²¯| {Ni}i=1..10 ²^uwdfh|X«fg7/h
z}=zP©rX©~|fhSsy
z}gzYsvhS[z}
i
svhE{}gh
|YusE²t¦~uwdÂwhSsv/hEyu#uwzuwdh¨|X«fgjhE=z%~Æuh
u~zP|s
³
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c#df~¥sswhEy®u~zP|whSsvhE|PuswhSsv«f©us#z}udfhsv~g7«©uwhE|f|hE©~|f{xfhEsy~/hE~|¹pXhSy®u~zP| "xz}|[ªz}«fh
gz}uwh
©r·swh
|swhE~g}{}hEsE²
¦~uwd|j~|f~uw~¥©~ÃEu~zP|7XrmuwdhhEgtur7yzP|tÇ{P«fuw~z}|¾³ 'fz}hS}yd~g{}hP² uwdfh#hEsw«f©u%zPtu}~|fhS«sw~|f{udfh8ÊË«©~Æur7i|trPÌ
fztyhSsws¸8fz}/zPswhE[~|, 4S¸8~s=}©swzxfwz¬X~¥thE¾³
½8¬Ph
|N~uwdfh/h
wuw«wuw~z}|sthÇ|hEÂ~|Âuwdfh7swhEyuw~z}| "³ "}yEyhE©hEuwhyzP|Y¬Ph
{}hE|yh|}©©z¦§uwz· ¬}zP~©zXyE©9gx~|f~gf²~u
~¥s=|fhSyhSswsruwz«swh¬}hEwrsv©z¦§fhEyhEPsvhmz}9udfhuwhEghEuw«fhm¸^~|Ây
z}g}w~¥svzP|¦~uwdÂudfh7swh
{PgxhE|Yu#wztyhSsws8ÊË«}©~ur
i}|trPÌ¨¸¯~|NzPthE#uwz·zPtu}~|udfh¦dfzP©hE|fhEss#zuwdh|fhu¦z}°G³^c#df~¥s~¥s=¦dXr[¦h«swhdfh
h| ¢fÓ%¢ 9  A(   Î Ó Î £¡ Î ¢f Î_Ò 
  9Î   Î  9^Î ¡¢t  9¡ Î²X¦df~¥ydÂ©©z¦=s^uwz·thSyhEPsvh¨}s#g7«ydPs¯/zPssw~f©h¨uwdfh¨uh
ghEuw«fhm¦df~©hmh
g~|f~|f{xy
©zYsvh¨uzjudfh
}©}|yhP³ÉÀ«f~|f{
m
~Æuh
uw~z}|s^udfhmuwhEghEuw«fhm~sy
z}|svu}|Pu|[¦hyz}gf«fuwh¨uwdfhmhEgx~~yE©¾ ¬Ph
{}hzudfhsvrtsvuwhEg
hE|fh
{}rP³%u¯uwdfhh
|z}Ôuwdf~¥s¯hEw~ztuwdfhh
|fhEw{Prx ¬Ph
{Ph~¥s^y
z}g}whSxuwzudfhzP|fh=z}ÔuwdfhfwhE¬X~zP«s8/h
~ztÔ³Éu¯uwdfh|fh­Xu
/h
~ztÔ²fuwdfhmuh
ghEuw«fhthEy
whS}swhEsz}|©r·~%uwdfhEwhm~¥s=|~|yhE}swh¨z%uwdfhhE|fh
{}rP³
l¨©z}}©©r}²Y/zuwdfzXy
hEssvhSsÉ¸¾Êi=k¨º¾»¼=½ÉÌ|7ÊË«}©~uri}|trPÌ ¸9fz¬X~th £ Ò '  A( '  Ò % 7( ' Î ' Î   Ñ7Ò ¡ D¾ Ñ (ª  
 ÎYÑ Ò  (SA( Ò ' ¹¢ ' Ó  ÎYÑ Ò   Î ¡Ó Î   Î £ ( Ò '  ³¿c#dfhwhSsvhE|PuhE¿hEsw«f©usxsvdz¦¶uwdfhSsvhgzXfh
©¥sj}wh[ÇfuvuhEUuwz"f~#Gh
h
|Yu
urX/hz8fu·}|z}thSy®us=uwz·/hh
­YuPy®uhE.swuwh
©©~Æuh|N}h
~}©¾~g}{}hEsE²fzPtuw~¥y
}©|Â}~g}{}hSs
²f~¬}h
|zP}
|fh
u¦¯zPw°tsE³9ÅNzPwhEz¬}hEE² udfh
~¯z}«s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